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ABSTRACT 


Two groups of 3 Ss compared the subjective size of circles with 
the integers 1 to 10. For one group the integers represented category 
labels. These Ss also made category judgments of the area of circles 
presented one at a time (single stimulus presentation). The Ss in 
the other group made comparisons of circle-number pairs when the 
integers represented numbers used in magnitude estimation and then 
made magnitude estimation judgments of the area of circles presented 
one ata time. Two scales were constructed for each S: one from the 
circle-number comparisons and one from the category rating or magnitude 
estimation responses. For the circle-number comparisons a Thurstone- 
type discriminability scale of number was obtained from the relative 
frequency with which each number was judged greater than the subjective 
size of each circle. Category scales of subjective area were obtained 
from each S's median category rating of each circle, while the magnitude 
estimation scales of area were the geometric means of responses to 
each circle. The differences between the category and magnitude 
estimation scales were typical of the difference commonly found between 
these two types of scales. 

The scale values for number obtained for each S were related to 
the objective numbers (integers 1 to 10) by a negatively accelerated 
power function for both category and magnitude estimation instructions, 
A nonlinear relation for subjective numbers used in magnitude estimation 
is consistent with previous findings in supporting a two-stage model of 


magnitude estimation. However, the relation for numbers used in category 
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ratings was not consistent with previous results for category judgment. 
An analysis of the influence of the experimental procedure on the form 
of the number scales suggested that magnitude estimation instructions 
are a sufficient condition for a nonlinear relationship between sub- 
jective number and objective number. The analysis, however, also 
Suggested that category instructions are not a sufficient condition 
for a nonlinear relationship between subjective number and objective 
number, i.e., the experimental task may influence the relationship 
between subjective and objective number. Hence, the similarity between 
the number scales obtained for category and magnitude estimation in- 
structions was not considered as evidence that numbers are used in 


the same way for both types of judgments. 
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Introduction 


In the recent past, the identification of the source of the 
difference between category and magnitude estimation scales has been 
a dominant interest in psychophysics, The difference was convincingly 
demonstrated by Stevens and Galanter (1957). They showed that category 
and magnitude estimation scales were nonlinearly related. Category 
scales were found to be a negatively accelerated function of magnitude 
estimation scales. Stevens (1957) argued that when Ss assign stimuli 
to a finite number of categories their judgments are influenced by the 
discriminability of the stimuli and that discriminability is a decreasing 
function of the "true'’ sensory magnitudes. He concludes that category 
scales are invalid measures of sensory magnitudes. 

An alternative position initiated by Garner (1954) and expanded 
by Attneave (1962) focused on the role of the numbers used as responses 
in quantitative judgment tasks. Garner argued that inherent in Steven's 
use of magnitude estimation procedures was the assumption that a S's 
numerical responses were valid measures of sensory magnitudes, He 
suggested that numbers used as responses may be nonlinear with the 
appropriate numerical representation of sensory magnitudes. Thus, 

Garner stimulated an interest in treating the use of numbers as the 
source of the difference between magnitude estimation and category scales. 

Attneave (1962) carried Garner's notion a step further. He 
conceived the numerical representation of sensory magnitudes as a func- 


tional relationship between numerical responses and sensory magnitudes. 
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This elaboration of Garner's idea permitted Attneave to formulate 
an account of the difference between magnitude estimation and category 
scales in terms of different uses of numbers. Attneave proposed that 
a function relating stimulus magnitudes to judgments is not a simple 
function bet rather a composite of an input and an output function. 
The input function represents the relationship between stimulus 
magnitudes and sensory magnitudes; and the output function represents 
the relationship between sensory magnitudes and numerical responses. 
The input function, if considered a power function, may be expressed 
mathematically as: 

YS ao. (1) 
The output function, if considered a power function, may be expressed 
mathematically as: 

J = bye! (2) 

Attneave claimed that viewing the psychophysical relationship 

aS a composite permitted the prediction of the exponent for the composite 


function from the exponents of the two component functions. That is, 


since 
ies ab’, 
and y = bigi/m, 
then prgi/m = xy 
and thus Ip (7 (3) 


Equation 3 may be simplified to 


J = cokm (4) 
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then gkm = gt 
or n = kn. (6) 


Attneave's concept of the psychophysical relationship, referred 
to as the two-stage model, provided the conceptual framework for compar- 
ing the relationship between numerical responses and sensory magnitudes 
of category scales with that for magnitude estimation scales. Thus, 
Attneave provided an account for the difference between the two scales, 
in terms of the S's use of numbers, 

The empirical separation of input and output exponents was accom- 
plished by Curtis, Attneave, and Harrington (1968). Curtis, et al., 
found that the experimental procedure for judgments of differences 
lent itself to the mathematical operations necessary for the separation. 
In the 1968 study, Curtis, et al., assumed that both input and output 
functions could be described by a power function. They derived from 
Attneave's formulations the following expression for difference judgments. 

lope dplhesecabds es (7) 
where J is the difference judgments, a is a constant which represents 
the unit of measurement, and b is an additive constant which represents 
a displacement from the origin on the response scale. The additive 
constant accounts for response errors at the lower end of the function. 
The term >, of course, represents the stimuli while k and m are the 
exponents for the input and output functions respectively. They 
obtained magnitude estimation judgments of the differences between 


a pair of weights and magnitude estimation judgments of weights 
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presented one at a time from a single group of Ss. The product of ae 
and m predicted the exponent, n, for magnitude estimation: k = .645 
while m = 1.444 and k x m= .735, thus fi is very close to the value 
of n, .746, obtained from magnitude estimation judgments of single 
weights. The study conducted by Curtis, et al., demonstrated the 
separation of the input and output exponents and provided empirical 
evidence in support of the contention that the parameters of input 
and output functions could be used to predict the exponent parameter 
of the composite psychophysical functions. However, since the 
estimation of difference was an uncommon task, the experiment raises 
the question of whether the results could have been due to the ex- 
perimental procedure. 

To investigate the generality of the findings, Curtis and Fox 
(1969) asked Ss to judge the combined sum of pairs of weights instead 
of differences between weights. They obtained sum judgments for both 
Magnitude estimation and category ratings. The exponents for the 
input and output functions of the sum judgments were computed by the 
same equation as that used for difference judgments with the exception 
that the values were added instead of subtracted. The equation for 
judgments of sums was 

J = a(, + 8)™b. (8) 

They found similar estimates of the input exponent k obtained 
from the two procedures and a difference in the output exponent m. The 
value of m for magnitude estimation was 1.20 as compared with 1.01 for 


category rating. This difference in output exponents was interpreted 
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as responsible for the curvilinear relation between category ratings 
and magnitude estimates, That is, there is a difference in the use 
of numbers for category and magnitude estimation judgments. 

However, a comparison of the products, fi = kxm, for magnitude 
estimation and category judgments of sums shows little difference 
between these two estimates of the exponent, n. The values for magni- 
tude estimation are k = .657, m = 1,202, and kxm = .789. The values 
for the category functions are k = .720, m= 1.005, and kxm = .723, 
The difference between .723 and .789 is too small to account for the 
curvilinear relation between category and magnitude judgments, Hence, 
the difference between category and magnitude estimation scales on the 
m parameter is inconclusive. The similarity of the predicted exponent 
from magnitude estimation of sums, obtained by Curtis and Fox, to that 
obtained by Curtis, et al. suggests that their magnitude estimation 
scale was not atypical. It is unfortunate that Curtis and Fox did not 
obtain category ratings of single stimuli in order to determine whether 
for their Ss the obtained exponent was similar to that predicted by the 
model and the usual curvilinear relation did not hold or the predicted 
and obtained exponents were dissimilar and the curvilinear relation 
held. With respect to why category scales are curvilinear with 
magnitude estimation scales, Curtis and Fox's results are equivocal. 

A comparison of the exponent for number category and magnitude 
estimation judgments using the two-stage model was also made for 
difference judgments of brightness (Curtis, 1970). Four types of 


judgments were made by the Ss, The Ss first made magnitude estimation 


eunits1 (rogess2 aeewsed noitaley tsenilivius sit tot oldtenogest & 


sey oft ni sometstiitb 8 ef oted? .2i tenT , eetemizeo sbus tngoi ba J 


= 


atnemgbut settamites sbutiagem brs ytogetso rot etedmun ode 
shutingsm tot .mxd = 8 ,esouhotg sit to moeinsqno2 s . TSsyewoH 7 oo 


r 


. e; al 
somersitib sitiil ewode amue to esnomgbu(, yroysts> bas notismises 


-ingsm rot zoulsv ofl! .n ,3menoqxs oft to estanites ows seen pacity! 
2eulsv off .@8%. = mxA Base .SOS.f = .\e6. = A 996 notsemizes - 
,OSS, = of ets enotronut yrogetso “odd a rot 
: fe 
' “ ‘ ao - we - F. 46 or 
oft ror thvooos oF [heme oot ex BY. Bas ESY. neswied 55 198% ib ‘eZ 


- ' Taz ie 
CS\. = m@xaA bos ,.dO0.[ = m@ 


,2oneH .2 treaty birt sbutipgam bas (rogetss méowsed neltaist sense — 
ent mo esino2 noistsmites sbutingsm bas yrogetss nsewted somersttib s 
tneftogxe betoibsxq edt to Ytiscslimie off svi are noont af ae 
tesi3 oF .xo4F bas eft d xd beaistdo .emue to moitsmites sbua imam ¢ a 3 


roitsmises sbutiagsm rredt Jsds etesggue -A@ 39 , 2i2 “7D ie boniss do: 

Son bib xoF bas eftr) tsdt stsnusrothy ef FI -. ioigyss ton asw chaps 
vs 

, - « . . » * ~— > id ih ¥ 

todtenw ortiroteb ot tohx0 mi tlumiste slgaie to egnittex croys3a9 nissde 


oft yd betotbotq isd o+ tslinte esw Inenoqxs berissdo sia 2g iat sot ’ 

“he P Net 
atrarkhas +. rape f a 
betsiberq oft 1o blod ton bib nottslox teenilivrs tapeu erly bas teboa 


mis : * . r t , 5. * ° ood: i : 
norjsler reemiiiviuo odt bas telimieetbh stew ‘esnenodxe boatssdo bas a 


dtiw rsomilivas ets eefsoe yrogssso yslw ot toeqesT) caw bod 
ie 
ee ers exiueet 2'xod bas 2f3my2 sauces a ebutt . a 


joe ie 


judgments of difference in brightness of pairs of stimuli and magnitude 
estimation judgments of the brightness of single stimuli. The same Ss 
also made category judgments of differences in brightness of pairs of 
Stimuli and category judgments of the brightness of single stimuli. 

These data provided better support for the hypothesis that the curvi- 
linear relation between category scales and magnitude estimation scales 
reflects differences in how numbers are used in the two tasks. First, 
for single stimuli the usual curvilinear relation between scales for 

the two tasks held. The input exponents estimated from the difference 
judgments were similar (.16 for magnitude estimation and .11 for category 
ratings), while the output exponents differed (1.34 for magnitude estima- 
tion and .99 for category ratings). Furthermore, for each task the ex- 
ponent from single-stimulus judgments was similar to the exponent pre- 
dicted from the product of k and m. The predictions of the n exponent 
for individual Ss were very good for magnitude estimation judgments. The 
predictions of the n parameter, however, for the category judgments of 
individual Ss were not very good. There were large differences between 
the fi obtained as a product of the k and m parameters and the n obtained 
from the category judgments of single stimuli. From these differences, 
in conjunction with a negative correlation between k and m, Curtis con- 
cluded that the assumptions of the two-stage mode! did not hold for 
category judgments of individual Ss. The data do not strongly support 
this conclusion, since the data was based on relatively few judgments. 
However, Curtis made the conclusion and chose to identify the assumption 


that a power function describes the output component as problematic. 
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There was some justification for the choice. Thus, the linearity 
exhibited by the output function for category judgments was considered 
an artifact. These results did not permit the identification of the 
form of the output function for category judgments nor did they clarify 
the influence of the experimental procedures on the construction of the 
category scales. The results do suggest, however, that the output 
function for category judgments may not be linear and that the output 
functions of individual Ss should be investigated before any general 
Statements about category scales may be considered valid. 

All of the studies designed to test the ability of the two-stage 
model to account for the discrepancy between category and magnitude 
estimation scales have not produced conclusive results. In particular 
they have not demonstrated that the difference between the two scales 
is a function of the way numbers are used in the two types of judgments. 
The studies, however, have shown that there is a great deal of varia- 
bility in the use of numbers between Ss; and they have shown that the 
k and m parameters may yield predictions of n when there is a great 
deal of variability between Ss on m. The major empirical problems 
suggested by the studies are a determination of the invariance of the 
two-stage theory for different experimental procedures, establishment 
of a stable m parameter for category judgments, a comparison of the 
output functions for category and magnitude estimation judgments. 

The purpose of the present study was to provide some empirical 
evidence about the form of scales of number and the influence of 


different types of judgments and experimental procedures on their 
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form. In order to accomplish this purpose, the study was designed to: 
(1) Construct two kinds of scales for number; one for category in- 
structions and one for magnitude estimation instructions, 
(2) Obtain judgments by an experimental procedure different from 
that used in previous studies comparing these scales (Curtis, 1970; 
Curtis §& Fox, 1969). 
(3) Construct scales for individual Ss. Thus, the experiment may 
provide evidence of whether a different experimental procedure would 
produce number scales inconsistent with those obtained by other pro- 
cedures; and whether Ss use numbers in the same way for both category 
and magnitude estimation judgments. 

The experimental procedure was one employed by Rule (1969). 
The Ss compared the magnitudes of stimuli (circles) and numbers. 
From the frequency with which numbers were judged greater than circles, 
Thurstone-type discriminability scales of number were constructed for 


Magnitude estimation and category rating instructions. 


METHOD 
Subjects 
The subjects were six graduate students from the department of 
psychology at the University of Alberta. Two of the subjects were 
females and four were males. During the latter half of the experiment 
one of the male subjects was believed to be under excessive emotional 


1 


tension.” After the last experimental session each subject was paid 


the subject's wife had been pregnant and undergone a difficult 
delivery with subsequent child-care problems. 
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$25.00 for participating in the experiment. 


Apparatus 


Two sets of 35-mm slides were prepared. Twelve slides consisted 
of different patterns of randomly positioned dots which varied in number. 
The number of dots in the various slides were: 13, 16, 20, 25, 31, 39, 
49, 61, 76, 95, 119, and 149. Fifteen slides contained circles of 
different diameters. The diameters of the projected circles were .91, 
ete ee On tae ele ae eo ok AA 08D 8 D6 e8 WBse ects sels 
wore. ana 6.68 in .: 

The stimuli appeared on the screen as white figures on a dark 
gray background. The images were projected onto a translucent screen 
via rear projection by a Selectroslide random-access projector with 
Somtar lens. Due to an equipment failure this projector was replaced 
by a Kodak Carousel (FA-950; remote control) projector with Ektamar 
zoom lens after three-fourths of the sessions had been completed. An 
exposure time of one second was controlled by an Alphax shutter. 

The experiment was performed in a darkened room divided into 
two closed-off areas by a black plasterboard partition. Movement 
from one area to the other was facilitated by a door fixed in an 
Opening to one side of the center point of the partition. A trans- 
lucent screen, which was placed in an opening on the opposite side 
of the center, provided the surface for projection of the images. 

The E and projector were on one side of the partition while the S 
sat at a desk positioned immediately in front of the screen on the 


other side. The position of the desk and chair with respect to the 
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10 
screen allowed the Ss to view the projected images at approximately 
eye level. The screen was 2 feet 5 1/2 inches above the floor and measured 
3 feet 11/2 inches in width and 2 feet 3 1/2 inches in height. The 
projector was between 3 feet 2 inches and 3 feet 7 inches above the floor 
and projected an image at about the center of the screen. With the S 
sitting in a chair 1 foot 4 3/4 inches high and about 3 feet 6 inches 


from the screen the images were on nearly the same plane as the Ss' eyes. 


Procedure 

Each circle was paired with three or more of the integers one 
through ten. A total of 81 circle-number pairs were used. The pairs 
‘were selected such that the smaller circles were paired with the 
smaller integers and the larger circles with the larger integers. For 
. example, circle number one (the smallest circle) was not paired with 
the integers four through ten while circle number fifteen (the largest 
circle) was not paired with those one through five. The 81 pairs were 
then arranged into 48 orders of presentation using a procedure of random 
selection with the restriction that neither the same circle or number 
occur in any two successive pairs. The specific selection of circle- 
number pairs was determined on the basis of data collected by Rule 
(1969). 

Two males and one female were assigned to each of two groups. 
One group made circle-number estimations and estimations of circles 
(single stimulus presentation) under the equal-interval rating instruc- 
tions, and the other group made circle-number anc circle estimations 
under magnitude estimation instructions. Twelve experimental sessions were 


conducted for each. set of instructions. 
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The first session contained two parts. First, the Ss were re- 
quired to practice making judgments with one of the estimation proce- 
dures, (either category rating or magnitude estimation); in the 
second part, the Ss began using the procedure to make circle-number 
estimations. The E began the first session by explaining to the S 
there would be two types of stimuli presented and that instructions 
for making estimations would be given before the presentation of each 
type of stimulus, The E then read one of the following sets of 
instructions: 

Magnitude Estimation 


I am going to present a series of slides which contain 
patterns of dots. Your task is to assign numbers to the 
patterns of dots which correspond to your subjective impres- 
sion of the number of dots in the pattern, The first slide 
I will present will be your standard and has been assigned 
the value of ten. You are to assign numbers to the remain- 
ing slides which are proportional to your subjective impres- 
sion of the number of dots. For example, if the number of 
dots appears to be three times as large as the standard, 
assign a number three times as large as ten, that is 30. 

If the number of dots appears to be one-fifth as large as 
the standard, assign a number one-fifth as large as the 
standard that is two, and so on. 


Each slide will be presented for only one second and 
you will have ten seconds between slides in which to record 
your judgments; so make each judgment as quickly as possible. 
Begin marking down your judgments on line one and continue 
down the column. Be sure you make a judgment for each 
slide. If you are not sure, simply guess. 


The first slide is your standard. It has the value 
ten. 


Equal-Interval Rating 


I am going to present a series of slides which contain 
patterns of dots. Your task is to report your subjective 
impression of the number of dots in each pattern. In front 
of you is a rating scale. Notice that each line is numbered 
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from one to ten. Under number one is written low and 
under number ten, high. If your subjective impression 
of the number of dots in a pattern is high, put an X 
on number ten; if it seems low, place an X on number 
one; if it is between high and low place an X on one 
of the remaining numbers. It is easiest if you consider 
each of these numbers as representing equal units of 
numerousness. So you can get oriented I will first 
present examples of number one and number ten. Your 
task is to judge the number of dots in the remaining 
slides by placing an X on one of the numbers on your 
rating scale. Use the first line for the second slide 
and so on.2 


After the numerousness slides had been shown, a dim light was 
turned on and the S's response sheet collected. The E then explained 
that the second type of stimuli would be presented next and read one 


of the following sets of instructions: 


Magnitude Estimation> 


Instead of your assigning numbers directly, your 
task will be to compare each circle with a number which 
I will present. After you have seen the standard, each 
time a circle is shown I will say a number. You are to 
tell me if the circle appears larger or smaller than 
the size which the number represents. For example, if 
I present a circle and say the number five, you would 
say larger if the circle appeared larger than one-half 
the size of the standard or you would say smaller if the 
circle appeared smaller than one-half the size of the 
standard. Remember the standard has been assigned the 
number ten. You must answer either larger or smaller to 
every circle and number presented. If you are not sure 
simply guess, but try to be as accurate as possible. 


Equal-Interval Rating 


I am going to present a series of slides which contain 
circles. Your task is to report your subjective impression 
of the size of the circles. Again, the following is an 
explanation of the use of the rating scale in front of you. 


The remaining part of the Equal-Interval instructions was the 
same as the Magnitude Estimation instructions. 


sThe first paragraph of these instructions was the same as those 
for the numerousness only the stimuli were referred to as circles, 
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Notice, that it is numbered from one to ten. You are to 
consider these numbers as representing equal units of 
circle size. I will first present two slides which will 
be your standards. The first standard is a small circle 
and is an example of number one. The second standard 
will be a large circle and it is an example of number 
ten. I want you to consider the remaining circles as 
having been assigned numbers from one to ten which repre- 
sent equal units of their size. For example, if you feel 
that a circle should be assigned the number four this 
would mean that the circle was three units larger than 
the small standard and six units smaller than the large 
standard. A circle to be assigned the number seven 
would need to be six units larger than the small 

standard and three units smaller than the large standard, 
and so on. 


Instead of your assigning numbers directly, your 
task will be to compare each circle with numbers which 
I will present. After you have seen the two standards, 
each time a circle is shown I will say a number. You are 
to tell me if the circle appears larger or smaller than 
the size which the number represents. For example, if I 
present a circle and say the number five, you would say 
larger if the circle appeared more than five units 
larger than the lowest standard and you would say smaller 
if the circle appeared less than five units larger than 
the small standard. You must answer larger or smaller to 
every circle and number presented. If you are not sure 
simply guess, but try to be as accurate as possible. 


Each S was given the opportunity to ask questions about the in- 
structions when the E finished reading them. If the S had no questions, 
the E turned out the light and presented the standard(s) and two circle- 
number pairs which the S estimated for practice. 

The standard for the magnitude estimation condition was the 
largest circle and the standards for the rating condition were the 
smallest and largest. When the S had given the appropriate responses 
of "smaller" and "larger" respectively to two practice pairs (Circle 
No. 3 was paired with the integer '9'' and Circle No. 13 with the integer 


"2") the E presented the standard(s) again and began the first of the 
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four orders of pairs of the session. Before each order was presented 
the standard(s) was shown and its numerical value called out. 

The presentation of a circle-number pair consisted of the E 
loudly saying a number and showing the appropriate circle immediately 
afterward. af vee each circle image appeared on the screen the S 
responded by saying "larger" or "smaller". When the S had responded 
to the pairs of the first order, the E turned on a dim light and 
prepared for the presentation of the second order. 

The eleven sessions which followed did not contain a practice 
session of numerousness judgments. The E used only the instructions 
and slides appropriate for the circle-number estimations. 

A thirteenth experimental session was conducted to determine 
whether the Ss could make the appropriate judgments for unmodified 
category and magnitude estimation instructions. In this session, 
the Ss were required to make category or magnitude estimation judg- 
ments of circle size. Each of the fifteen circles.was presented 


four times. 
RESULTS 


Three scales for category and three for magnitude estimation 
instructions were obtained from judgments of single stimuli (circles). 
The medians obtained from category judgments were fit to a power func- 
tion by the method of least squares. Geometric means were computed 
from the magnitude estimation judgments. These means were also fit 


to a power function by the least squares method. 
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The function used to obtain the parameters of the power functions 
for both types of scales is represented by the equation: 
Y = aX +b, (9) 
The terms a, b, and n are constants. The term a represents the value 
of the unit of each scale while b represents a displacement from the 
origin. The term n constitutes the exponent parameter of the power 
function as well as the most distinctive property of the function, 


These parameters are given in Table l. 


Table 1. Parameter values of functions 


obtained from judgments of single stimuli. 


Parameters 
Y = aXl+b 
Subject a b n 
1 .49 -.30 1.64 
Magnitude Estimation 2 .49 1.06 1.54 
3 .36 £502 1.69 
4 32 ,09 L576 
Category Estimation 5 -296 297 - .02 
6 1.09 .61 1.08 


The differences between the mean exponent of the category scales 
(.94) and that of the magnitude estimation scales (1.62) are representa- 
tive of the nonlinear relationship found between these two types of 
scales. 


The model employed to construct a scale of the subjective value 
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of number was an adaptation of the law of categorical judgment, Class I, 
Condition D (Torgerson, 1958). The law, as defined by Torgerson, is a 
set of equations which relate the parameters of stimuli and category 
boundaries to cumulative proportions derived from the proportion of 

times stimuli were placed in one or more of the categories which comprise 


a set of categories. The general form of the equation is: 


-S. = : Er en : .)4 
ty Sj Xo j (Og +0; 20 550,95)? (10) 
where ty is the scale value for the gth number, Sj is the scale value 


for the — circle, Xo is the normal deviate corresponding to the pro- 
portion of times the ne circle was judged smaller than the aa number. 

Torgerson's law of categorical judgment is fundamentally the same 
as Thurstone's law of comparative judgment. Torgerson's model is built 
upon Thurstone's concepts of discriminal processes, modal discriminal 
processes, discriminal differences, discriminal dispersions, and the 
assumption that discriminal dispersions describe normal distributions. 
The major difference lies in Torgerson's assumption that category boun- 
daries may be treated as stimuli in the construction of a scale. 

The general postulate represented by the equation above is that 
the proportion of times a judgment of "more than'' or "less than" occurs 
is a consequence of the distance between two modal discriminal processes, 
The modal discriminal processes correspond to points on a psychological 
continuum of discriminal processes. Each modal process is represented 


by the scale values te and s; and an interval scale was assumed repre- 


J 


sentative of the continuum of discriminal processes, Thus, the 


difference t,-8; expresses the amount of psychological distance between 
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a number (g) and a circle (j) on the continuum. The terms Gp" and 
aj? within the radical represent the variances of the number g and 


circle j discriminal process distributions while r is their 


gj°2"5 
covariance. ‘The radical, as a whole, is equal to the standard devia- 
tion of the distribution of differences. 

The assumptions of condition D are that the discriminal disper- 
sions are constant for number and for circle stimuli and the covariance 
terms were equal for each number-circle pair. Thus the above equation 
may be reduced to the form Cpce4 i= XgjiC where C represents some 
constant value. 

For the present analysis, the model differed from Torgerson's 


presentation in that represented a scale value for a number rather 


ty 
than a category boundary. Second, proportions were obtained indepen- 
dently rather than cumulated across boundaries. 

Three Thurstone-type discriminability scales of number were 
obtained from number-circle comparisons under magnitude estimation 
instructions and three such scales were obtained from number-circle 
comparisons under category instructions. The unit and origin of the 
scales were arbitrary. The scale values, however, are numerically 
representative of the distances between the values. Thus, the scales 
Possess the properties of an interval scale. 

The empirical scale values for category and magnitude estimation 


judgments are. shown in Table 2. There was not sufficient information 


to estimate the scale value for integer 10 for S No. 1. 
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Table 2. Empirical scale values 


of discriminability scales of number. 


MAGNITUDE ESTIMATION CATEGORY RATING 


1 1 1 1 1 1 1 

2 2.806 (2,835, 6: 22455 47102, 2.069" 4. 3.225 
3 2/70 (4,975) 5.600 6.796 3.822 5.971 
4 HALO Pei oar 62135 8.096 4.696 7.435 
5 4.695 9.439 7.359 9.16 5.936 9.115 
6 5.854 10.508 7.739 9.829 6.617 10.497 
7 Opal eeaenare a OcL42 10.696) « 97.268) 12.077 
8 7.312. 13,205 10.299 | 12.003) 8.0547, 15.506 
9 8.005 14.205 10.721 12,908 10.055. 14.71 
10 15.786 11.766 15.449 10.771 15.669 


The empirical values of both sets of number scales were fit to 
a power function. The function is represented by the expression 
Y = aX©-b. (11) 
The term c constitutes the exponent parameter of the power function 
and the value of the term 1/m of the output function. The method of 
least squares was used to fit the empirical scale values to the above 


power functions. 
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The fit of the predicted to the empirical scale values for number 
Stimuli is displayed graphically in Figure 1. Plots for Ss 1-3 display 
the fits for magnitude estimation, and plots for Ss 4-6 display the 
fits for the category procedure. 

In Figure 1, the empirical scale values are plotted against the 
predicted scale values and a straight line drawn through the points. 
Deviations from the line represent variations of the empirical from 
the predicted values. The plots in Figure 1 show that the predicted 
values fit the empirical rather well. Thus, the power function exponent 
parameter accurately represents the empirical function. The parameters 
for the above functions are given in Table 3. 

The output component of a composite function which expresses a 
psychophysical relationship is often represented by the equation 

J = ap. Ci) 
However, the functional relationship determined for number in the present 
study is the inverse of equation (12). Since the subjective values of 
number were mapped onto number rather than the number stimuli mapped 
onto the subjective values, the equation which represents the functional 
relationship between the scale values of number and the stimuli is 

y= argl/m (13) 
Where w represents the subjective value of a number and J the number 
Stimuli (i.e., the integers 1 to 10). The term a' is equal to (1/_)1/™ 
which is equivalent to a in equation (12) and the exponent 1/m is the 
reciprocal of m in equation (12). The constant c in the regression 


equation is equal to 1/m. 
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Figure 1. Scale values for number as a function of the 


predicted scale values for number (a (number) 2/™4p) . 
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Table 3. Parameter values of functions obtained 


from number-circle comparisons. 


Parameters 
Y = aXl/m+b 
in re er 
Subject a b 1/m 
i 1,645 So71GS iFaS 
MAGNITUDE ESTIMATION 2 4.994 $3534 .606 
3 4.094 4.455 eee 
4 Tab Ps 9.048 so218 
CATEGORY 5 1.569 L25izZ . 849 
6 5.388 5.486 +576 


Table 3 shows there are relatively large differences between the 
exponents obtained for the category procedure. Although the differences 
between the magnitude estimation exponents are also substantial, they 
are not quite as large as those between the category exponents. There 
are two exponents which have essentially the same value, i.e., S3 and 
S6, although they were obtained by different judgment procedures. These 
large differences between exponents within a condition eliminate the 
possibility of identifying a single exponent common to the Ss of the 
category condition or to the Ss of the magnitude estimation condition. 
For all Ss, the value of the 1/m parameter for both types of procedures 
fall within a range of values defined by a negatively accelerated power 


function. Thus, the subjective values of number for both the magnitude 
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estimation and category procedures are related to objective numbers 
by a nonlinear function with a concave downward curvature. 

A difference between the number scales for magnitude estimation 
and the scales for the category procedure appeared only in the varia- 
bility among individual Ss. However, since the difference in variability 
did not alter the general form of the function for number, it may not be 
taken as indicative of a difference between the scales of the two condi- 
tions. Thus it appears that the number scales for the magnitude estima- 
tion and category procedures obtained in the present study are essentially 


the same. 
DISCUSSION 


The subjective number scales were related to objective number by 
a power function. The power function in each case had an exponent 
parameter of less than 1.0 (megatively accelerated). The similarity of 
the exponents indicate that the number scales obtained under magnitude 
estimation instructions were approximately the same as the number 
scales obtained under category estimation instructions. 

Although there was some variance in the exponents for the indi- 
vidual Ss of the magnitude estimation condition, the exponents are in 
accordance with previous findings. The 1/m parameter obtained for 
magnitude estimation judgments in previous studies has varied consider- 
ably. In the studies which employed the experimental procedure for 
judgments of differences and sums (Curtis et al., 1968; Curtis § Fox, 


1969; Curtis, 1970; Rule, Curtis, § Markley, 1970), the 1/m parameters 
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for magnitude estimation ranged from .6 to .9. In a study which 
constructed Thurstone-type scales (Rule, 1969), the i1/m parameter for 
the output function was different. A re-analysis of the data of Rule's 
(1969) study, reported by Rule, Curtis, Markley (1970), showed that the 
data obtained in the 1969 study fit a power function with an exponent 

of .4. A logarithmic function was originally reported. A study (Rule, 
et al., 1970) which employed a nonmetric scaling technique obtained a 
value of approximately .6 for the 1/m parameter for magnitude estimation 
judgments. The 1/m parameter estimates for the above studies define 

a range of values. The values range from .4 to .9. The estimates of 
the exponent for the number scale of magnitude estimation judgments in 
the present study fall well within the range defined by previous studies 
and support the findings that the output transformation for magnitude 
estimation is a negatively accelerated power function. 

The variance in the exponents for individual Ss is also in 
accordance with previous findings. An analysis of the data for individual 
Ss in the studies conducted by Curtis et al. (1968) and Curtis (1970) 
showed considerable differences between exponents of individual Ss. In 
the former study the exponents, 1/m, ranged from .5 to 1.6. 

Some of the previous studies which applied the two-stage model to 
magnitude estimation (Curtis, et al., 1968; Curtis & Fox, 1969) used 
different experimental procedures. Some of the studies designed to 
construct only a scale of number for magnitude estimation judgments 
have also used a different experimental procedure (Rule, 1969). All the 


number exponents obtained from pooled data in these studies fell within 
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the range of values prescribed by a negatively accelerated power function. 
A possible exception to these findings was reported by Rule (1972). Rule 
employed the method of triads to obtain a scale of number for magnitude 
estimation. Although the results obtained by Rule indicated that the 
subjective impression of number was related to objective number by a 
negatively accelerated function, there was some evidence that the function 
was inconsistent with a power function. However, the results of the 
present study, in conjunction with the findings of previous studies, show 
that the general form of the output function for magnitude estimation is 
relatively invariant for different experimental procedures and different 
scaling techniques. 

Common to all studies were instructions to assign numbers propor- 
tional to the S's subjective magnitudes. This is the central feature of 
magnitude estimation instructions. Because the general form of the 
number scale (i.e., a negatively accelerated function of objective 
number) seems to be independent of the type of judgment task, the per- 
ceptual continuua, and the scaling technique, the magnitude estimation 
instructions appear to be a sufficient experimental condition for the 
nonlinear form of the relationship between subjective value of number 
and objective number. The implication of this relation is that the 
Ss may not be assumed to use numbers in magnitude estimations as though 
there were equal intervals between the numbers, e.g., they do not appear 
to use numbers in the same way as they would if they were permitted to 
use a ruler when judging the stimuli. The form of the relation indicates 


that the intervals between numbers vary in a systematic manner, i.e., 
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as the numbers increase in value, the intervals between the scale 
values decrease in size, Such a variation in intervals implies that 
the proportional relationship ('twice as great') represented by such 
pairs of integers of '1' and '2', and '5' and '10' may not be repre- 
sented by these integers when they occur as numerical responses in 
magnitude estimation judgments, but when such integers occur as 
numerical responses they may represent a 'less than' relationship 
between the subjective values they denote. That is, the value 
denoted by the numerical response '2' is less than twice as great as 
the value denoted by the numerical response '1'. Similarly, the value 
denoted by the numerical response '10' may not be twice as great as 
that value denoted by the numerical response '5' but instead it may 
be less than twice as great as the value denoted by the numerical 
response '5', The extent to which such a relationship may be considered 
in more specific values such as ‘half as much' or ‘one and a half times 
greater' is not evident. It does seem evident, however, that the 
composite magnitude estimation scales may be biased by the S's use 
of numbers. Although the specific nature of the bias produced by the 
S's use of numbers may not be determined by the present results, the 
bias does appear to have a rather distinctive characteristic. Thus, 
although magnitude estimation scales may be distorted, they are 
distorted in about the same way. 

In general, the results obtained for the magnitude estimation 
condition of the present stu‘y support the findings of investigations 
of Attneave's two-stage hypothesis, by Curtis, et al. (1968), Curtis 


& Fox (1969), Curtis (1970), and Rule, et al. (1970). The function 
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relating subjective value of number to objective number is consistent 
with the output function obtained in previous studies. Thus, the 
present results support the contention that an S's use of numbers may 
bias magnitude estimation scales. Since this contention is a funda- 
mental part of the two-stage hypothesis, the present results support 
it as well. 

The estimates of the exponent for subjective number, 1/m, for 
category judgments obtained in the present study are not consistent 
with those reported by Curtis and Fox (1969), and Curtis (1970). The 
results (obtained from pooled data) in both studies showed that sensory 
magnitudes and numerical responses for category judgments were related 
by a linear function. None of the individual functions for number which 
were obtained from category judgments in the present study, however, was 
linear. Instead, the exponents indicated a negatively accelerated 
function similar to those obtained from magnitude estimations. The 
inconsistency of these results complicate matters. 

One of the primary questions relevant to the present study was 
whether the number function for category rating is the same as that for 
magnitude estimation or it is instead the case that the exponent of the 
number function for category ratings is larger (close to 1.0) than that 
of magnitude estimation. The present results indicate that the number 
scales are approximately the same, whereas the results of Curtis (1970) 
and Curtis and Fox (1969) indicate that the exponent of the number 
function for category rating is larger than that for magnitude estimation. 


If the present results are accepted they indicate that the nonlinear 
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relation between category and magnitude estimation scales is not due 
to differences in the number functions and that both scales are dis- 
torted in the same way by nonlinear number functions. Whereas Curtis! 
and Curtis and Fox's data indicate that although both scales may be 
biased measures of sensory magnitudes the differences between them is 
due to a difference in how Ss use numbers in each task. The present 
results alone do not provide much of a basis for deciding between the 
two alternatives. 

The differences in the present data and those of Curtis (1970) 
and Curtis and Fox (1969) are in the category rating scales. The 
magnitude estimation results were similar. Although the experimental 
procedures used in the present study were different from those used by 
Curtis and Curtis and Fox, it is not uncommon in psychophysics to find 
that different techniques yield different scales. lHowever, since the 
two procedures yielded similar results for magnitude estimation, the 
question pertinent to the above issues is why did the procedures yield 
different category scales and similar magnitude estimation scales? 

The source of the similarity of the magnitude estimation scales 
and the difference between the category scales for the two procedures 
seems to lie in the demands imposed on the Ss by the judgment tasks. 
The demands of the magnitude estimation task were similar for both 
experimental procedures (that of Curtis, and Curtis and Fox; and that 
of the present study) while those of the category estimation tasks 
were different. 


The magnitude estimation task of the previous studies provided 
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the Ss with a definite set of sensory impressions and relatively in- 
definite set of numerical responses (the set was defined only by the 
value of the standard and the restriction that all numbers be propor- 
tional to the standard's numerical value). The restrictions imposed 
by the magnitude estimation task in the present study were similar. 
The Ss were provided with a specific set of numbers and a relatively 
indefinite set of subjective values to associate with a number (the 
set of subjective values was defined only by the value given the stan- 
dard and the requirement that all subsequent subjective values have a 
proportional relationship to the standard). The fact that in one case 
the Ss were selecting a subjective value to associate with a given 
number while in the other case they were selecting a number to asso- 
ciate with a given subjective impression apparently had no effect on 
the Ss' use of numbers. 

The category task of the previous studies imposed restrictions 
on both the selection of numbers and the set of sensory impressions. 
The Ss were provided with a definite set of sensory impressions and a 
definite set of numbers. In addition to these restrictions, the Ss 
were required to assign numbers as though there were equal intervals 
between them. The category task in the present study did not impose 
as many restrictions. The Ss were provided with a relatively indefinite 
set of subjective values (the set was defined only by the values of the 
two standards and the restriction that the intervals between the values 
should be equal) and a definite set of numbers. Since the subjective 


values were essentially on a continuum, the Ss were permitted to make 
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as many divisions in the continuum as they believed necessary. Thus, 
the continuum was indefinite. The fact that the Ss were permitted to 
essentially define their continuum of subjective values in one case, 
and not in the other, may have had an effect on their use of numbers. 
Hence, the difference in the category number scales was produced by 
the different demands imposed by the tasks and the similarity of the 
magnitude estimation number scales was produced by the similarity of 
the demands imposed by the tasks. If the above account of the similar- 
ity and difference of the two number scales is in fact the case, it 
Suggests that the elimination of restrictions on Ss' selection of 
subjective values for number is conducive to the use of numbers in 
accordance with the nonlinear function found in wagirpeiide estimation. 
In view of the above relationship between restrictions imposed 
by a task and the use of numbers, the similarity of the category and 
Magnitude estimation number scales does not entail the conclusion that 
the use of numbers is the same in the two types of judgments. Since 
the task commonly involved in category judgments imposes restrictions 
which may attenuate the nonlinearity of a number scale and the category 
task in the present study did not impose such restrictions, the use of 
numbers may be different in the two types of judgments. The relation- 
ship between the restrictions imposed by a category task and the use 
of numbers suggest that the category instructions (i.e., emphasizing 
intervals between numbers rather than ratios) alone are not a sufficient 
condition for an approximately linear relationship between subjective 


value of number and objective number. Thus, the difference between 


es ; . 


eudT .yrbedeoer beveifed yors 2s mss 109 ei 


os b 


eredmsn to seu Tied? no tootte as bstl oven “St \t0ntt0. volt ak ton b Jy 


xd 


~ 
7K 


.S269 ono ti eenlavy avivoe(due to mundi snos. ‘ciety ‘nine isiaxeaiien ha 


dz %o ysixelimte edt bas 2dest eda vd bezogme ebonmeb eT 


[imte oft Yo tnuooos svods eft 21 .2dest offs yd ee ebm sie 


ejsimreq stew 228 eds sels toast oT tin. 


ee nd sh 


“3¢ 4 


besuborq esw eelaese redmsym ytogsts5 aid me conartnitth 0d 5 


viinelinte els yd beoubosq esw séheie tsdmun oi teatktes 3 bua 


ti .92Rn5 OAT tont ot ef eelsoz redmpm ows eit to eonerottib bas X 
- 


ni evodmin to 92 edd of evioubnoo ef tedmun 10% 2oulsv ovisoeteda 


nortsmites esbutinosm mi braved motto mu? tsentinon ont Asin 9onsbt 0238 


gonte  etrengbut to eoqyt ows oft mi ompe ond et ini 
. ‘ - rd 

2noitoixntes: eseoqmi etnemgbut yrogeten ni bovlovar yi nommos. 
a a 


Y1ToOge 


to Seu 9o3 isoiriest hide seoqmi ton bib ybute sone af nt » 
-foitsiot odT .etmemghut to 2eqes ows odd mh sereth tb ad am axe —_ 


4 
seu sft bre dest yrogegso g vd bezogms anoLstointest os noowtod qin 


to moifesise '22 mo enoktoixias1 Yo soitenimiis ods eds 23a 


iY 


“ ow 
Le i 


moisoittest moewted gidenoitsler evods sit 40 wae al 


=. 


vrogets oft to yticslimie of7 .aredmun to Seg ois bas. fees & 


A 
a | 
wu 


aqoteulonon ads listms gon 280b 2efsce bein noktamiseo: abt 


c 


Ls Se 


go oft bas Sisoe rvedmun «6 to ytirssmiinon ois eteurne 3 


g 


ia 


5 Lanioape oi ovi) stood saint bias caieae ort sere seoggue erodmut 26 


— elev : 


s sfols (aoises | srotiaox erodmsm neew 
0 yes ait A ‘ 


7 A 
AN 
_ af ‘ 
Py 2:28 


30 


magnitude estimation and category scales may be a function of a 
different use of numbers. 

The number scales obtained for magnitude estimation instructions 
were similar to those obtained in previous investigations of the output 
function for magnitude estimation. The results, in conjunction with 
previous findings, provide substantial evidence that the output function 
for magnitude estimation is a negatively accelerated power function. In 
addition, an analysis of the influence of the experimental procedures on 
the form of the number scales suggested the magnitude estimation instruc- 
tions constitute a sufficient condition for the nonlinearity of the out- 
put function. These results lend support to the two-stage hypothesis. 

The number scales obtained for category instructions were similar 
to those obtained for the magnitude estimation instructions. However, 
due to the probable influence of the category task on the form of the 
number scales, the similarity was not considered conclusive evidence 
that the number scales for category judgments are the same as those 
found for magnitude estimation. Thus, in regard to the question of 
whether the difference between category and magnitude estimation scales 
is due to a different use of numbers, the results are inconclusive. 

The results, however, do provide evidence that the category instructions 
are not a sufficient condition for a linear relationship between subjec- 


tive value of number and objective number. 
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